1. Introduction {#s0005}
===============

In the United States, approximately 2.2 million people live with chronic hepatitis B Virus (HBV) infection ([@b0020]). Asians Americans and Pacific Islanders are disproportionately affected, with foreign-born Asian immigrants in particular bearing the highest prevalence of chronic HBV ([@b0095]). HBV infection is a significant risk factor for liver cancer. Among Asian Americans, high chronic HBV prevalence contributes to disparities in liver cancer incidence and mortality rates ([@b0125], [@b0180]). Korean Americans, which make up the fifth-largest Asian-American subgroup in the United States, have the second highest rate of liver cancer and the highest liver cancer-related mortality rate of Asian Americans ([@b0065]). These high incidence and mortality rates for liver cancer are driven by a combination of poor awareness, low screening rates, and under-vaccination for HBV in Korean-American populations ([@b0015], [@b0105], [@b0130], [@b0165], [@b0010]).

Early detection and care for chronic HBV can prevent deaths from liver cancer and can prevent costly implications for both patients and healthcare systems ([@b0150]). In fact, programs to improve screening and vaccination for HBV among Asian and Pacific Islander adults have been shown to be cost-effective ([@b0070]). In the case of Korean Americans, however, HBV programs need to address complex challenges, including overcoming barriers in access to screening and vaccination and to health care generally. Programs must also be prepared to address a lack of awareness and understanding regarding HBV and liver cancer, as well as be able to help participants overcome fears and concerns about screening and the possibility of a positive result. One approach to address these issues is to adopt the community-based participatory research (CBPR) approach which can yield culturally appropriate interventions tailored to specific issues that Korean Americans regularly face ([@b0085], [@b0105]). Previous attempts to combat HBV disparities among Asian Americans have included city-wide efforts in New York City and San Francisco. These programs focused on improving HBV screening and testing and were led by coalitions of community members alongside other key stakeholders. The success of these efforts has played a key role in demonstrating the value of community-focused HBV screening campaigns ([@b0005], [@b0145]) .

Community health workers (CHWs) have become an increasingly important part of implementing interventions designed to address health disparities, especially among minority populations ([@b0115]). While studies have found that CHWs played significant roles in promoting preventive health behaviors in Korean Americans ([@b0050], [@b0080], [@b0090]), few have fully evaluated the cost-effectiveness of CHWs ([@b0185]). Only one previous study examined the cost-effectiveness of CHWs to promote breast and cervical cancer screening among Korean Americans and the researchers found the CHW-led intervention offered a more cost-effective approach for cancer screening than did other programs ([@b0160]). Training CHWs takes time and can consume resources when workers are not paid (e.g., opportunity costs). The most cost-effective approach to training, however, remains unknown. CHWs may be trained to conduct their interventions through a variety of approaches, though historically they have been trained in a live group setting. Recent evidence has supported the effectiveness of online training in nursing ([@b0035], [@b0120]), social work ([@b0140]), and provision of homeless services ([@b0135]),^1^ and comparative advantages may include increased convenience and decreased costs ([@b0155]). It remains an open question as to whether one approach to training CHWs leads to better intervention effectiveness and, consequently, how training modality affects the cost of achieving the targeted behavior.

To address this gap, we investigated the cost-effectiveness ([@b0045]) of a community-based, multi-level intervention for HBV screening and vaccination implemented in Korean churches in Pennsylvania and New Jersey. Specifically, we evaluated, a) the costs for two different CHW training approaches (online versus in-person training programs), and b) the screening and vaccination rates for HBV among community members participating in an intervention conducted by the aforementioned CHWs. Insights from this study proved useful to those considering the most efficient way to implement interventions through CHWs, especially when supported with limited funding.

2. Methods {#s0010}
==========

2.1. Study design {#s0015}
-----------------

From 2014 to 2018, we conducted a prospective cost analysis of an intervention developed through a CBPR approach. The purpose of the intervention was to increase HBV screening and vaccination rates among Korean American communities. The intervention relied upon CHWs to learn about HBV and to train fellow church members about the need for screening and vaccination. Although CHWs were volunteers (unpaid), we identified and valued their time. Furthermore, we assigned time costs for the workshop participants in accordance with a societal perspective.

2.2. Procedures {#s0020}
---------------

In this CBPR study, community members, health-care providers, and members from Korean churches helped guide the planning and development of recruitment strategies and the culturally appropriate HBV intervention for implementation in various Korean churches serving predominantly foreign-born congregations. We selected the church settings because previous studies have shown that faith-based organizations serve a significant role in the implementation and dissemination of cancer-related screening intervention in Korean American communities ([@b0040], [@b0050], [@b0110], [@b0105]). A total of 20 Korean churches in Pennsylvania and New Jersey were enrolled as research sites. We used cluster random sampling to assign 10 sites (20 CHWs) to the in-person CHW training group and 10 sites (20 CHWs) to the online CHW training group. In each church, we recruited two CHWs. The CHWs were recommended by the pastors and leaders from the participating Korean churches. The eligibility criteria of CHWs included 1) age 21 or above, 2) fluent speaking and written proficiency of Korean language, and at least intermediate proficiency of English language, 3) high school graduation education level or above, 4) basic computer skills with internet access, 5) membership to one of the participating Korean church, and 6) willingness to serve congregants of the participating Korean churches. When CHW were recruited, they did not know which type of training they would receive.

CHWs in both online and in-person training groups were provided three training sessions including topics, including (1) "Getting Started," an overview of the Hepatitis B Intervention program, (2) "How to implement Hepatitis B Intervention Program," and (3) "How to Use Program Materials and Tools for Implementing the Intervention Project. CHWs in in-person group received two full-day training by experienced bilingual research team members at each enrolled church. A CHW's guide binder with both hard copy and E-copy of materials and tools/forms for implementing the project was provided to the CHWs. In-person training involved dynamic training approaches, presentations, discussions, role play activities of workshop delivery, research data collection, practice of patient navigation assistance, and using project materials and evaluation tools. CHWs in the online group received a user instruction for online training platform via email. The CHWs also received assigned username and password to log in the online platform. CHW could choose either English or Korean language to review and listen. The platform included three sub-pages, (1) three training session modules covering the topics described above, (2) downloadable project implementation materials and tools/forms for CHWs to be used in filed, and (3) implementation technical assistance tools/materials for CHWs.

CHWs in both groups implemented the project with three major roles: recruiting participants from their affiliated church, delivering community education workshops and providing patient navigation for participants' need on screening or vaccination after the education workshops. Each of the 40 CHW was asked to recruit community members to participate in educational workshops on HBV screening and vaccination. The CHWs worked with research staff adopted a variety of recruitment strategies in the churches to generate awareness of the study, and then performed eligibility screening and obtained informed consent among eligible individuals who expressed interest in participating in the study. Inclusion criteria of participating in the study were: 1) self-identified Korean ethnicity, 2) ages 18 and above, 3) willingness to participate in study, 4) accessible by telephone (for scheduling and follow up purpose), 5) presence in the same study geographic area for a period of one year (to minimize participant attrition), 6) not enrolled in any HBV intervention (to prevent a potential program impact), 7) never had HBV screening, and 8) not been diagnosed with HBV or liver disease complication condition or liver cancer (the intervention was designed only for increasing HBV screening and vaccination). Trained CHWs delivered educational sessions. In total, 1,255 community members (588 from the in-person CHW training group and 667 from the online CHW training group) participated in the educational workshops among which 1,044 (481 from the in-person CHW training group and 523 from the online CHW training group) participated the baseline and post-intervention survey. The survey completion rate was 80% overall, 82% for the in-person CHW training group, and 78% for the online CHW training group.

All research team members, the community coordinator, and designated church staff and CHWs received intensive training regarding a study protocol, facilitation guidelines, and participants\' rights by the study principal investigator and co investigators before the study began. All participants provided written consent. The study was approved by the institutional review board (IRB) of Temple University.

2.3. Measures {#s0025}
-------------

Information regarding age, sex, education, marital status, household income, employment, health insurance, regular physician status, ability to speak English, and English proficiency was collected at baseline for each church member participant. Information regarding age, sex, education, marital status, English proficiency, and computer use and proficiency were also collected from each CHW at baseline. Survey questionnaires were developed in English, translated into Korean, and back translated into English by bilingual translators to ensure accuracy and cultural competency.

We assessed HBV screening at 6- and 12-month follow-ups. Bilingual interviewers contacted participants at the 6‐month follow‐up and asked participants whether they received HBV screening with the response options of "yes" or "no." Vaccination status among participants who were screened for having no HBV immunity also was measured. Specifically, participants were asked to report whether and how many times they received vaccination against HBV infection at the 12‐month follow‐up after the intervention. With permission, we also confirmed the self-reported blood test for HBV screening and vaccinations with each participant's health-care provider. For the effectiveness analyses, we used the 12-month screening and vaccination rates.

The relative costs of the two approaches (in-person training versus online training) in disseminating the intervention was assessed from a societal perspective using generally accepted principles for public-health interventions.^2^ We included time-based costs for CHWs and workshop attendees but did not include direct medical costs for HBV screening and vaccination, making our approach a modified societal perspective.

Though CHWs were not paid for their involvement, we estimated the value of their time. First, we calculated the length of time CHWs to participated in each training approach. For in-person training, members of the project team prospectively documented live training session time. For the on-line training group, CHWs were asked to self-report the amount of time it took for them to review the materials until they passed the evaluation form. Intervention workshops with church members generally lasted one hour, regardless of the mode of CHW training, but the CHWs conducted different numbers of workshops with varying numbers of workshop attendees. This created differential workshop (intervention) time costs for the CHWs. We did not include CHW time spent recruiting workshop participants or the research staff time spent providing the in-person training or monitoring the on-line training. To determine CHW costs of participating in the training and leading the workshops, we applied 2014 national, age- and gender-adjusted median weekly earnings for all workers from the Bureau of Labor Statistics ([www.bls.gov]{.ul}) with conversion to hourly rates.

We included the value of workshop attendees' time based assuming a one-hour session. As with the CHWs, we assigned age- and gender-adjusted wages from the BLS. In cases where age or gender were missing, we assigned an estimated hourly wage from their self-reported income level. Finally, workshop materials and their development were identical across the treatment arms, and thus, no costs were assigned for these components of the intervention.

Costs were valued in 2014 dollars, to coincide with time at study enrollment.

2.4. Analyses {#s0030}
-------------

Comparisons between CHWs and workshop attendees were tested with cluster-adjusted t-tests for continuous measures or cluster-adjusted chi-square tests for nominal or categorical variables. We used the "cltest" package to conduct all cluster-adjusted analyses ([@b0055]). To test for cost and outcome differences between the in-person and on-line trained CHWs, we used multilevel, mixed models to account for study site clustering and adjusting for age and gender. For costs, we used a linear mixed model and for vaccination and screening, we used binary logistic regression. Analyses were conducted using [@b0075].

3. Results {#s0035}
==========

As was shown in [Table 1](#t0005){ref-type="table"}, CHWs were on average around 47 years old, with slightly more males than females. They were predominately foreign-born and had lived in the United States for approximately 17 years on average. All had completed high school, and just under half were employed. CHWs' English proficiency was limited, though the majority of CHWs used a computer daily and had good self-rated computer skills. There were no significant differences in baseline characteristics between the CHWs who trained online as compared to those who attended a live training session. The imputed age- and gender-adjusted mean hourly wages for CHWs were also not significantly different (\$20.73 and \$20.84, respectively).Table 1**. Descriptive characteristics of Community Health Workers** (From 2014 to 2018 in Pennsylvania and New Jersey).AllIn-person (n = 20)Online (n = 20).*P* valueAge in years, mean (SD)46.8 (13.4)48.7 (13.2)44.9 (13.7)0.46Gender, *n* (%)0.34Female19 (47.5%)11 (55.0%)8 (40.0%)Male21 (52.5%)9 (45.0%)12 (60.0%)US-born, *n* (%)0.29Yes2 (5.0%)0 (0.0%)2 (10.0%)No38 (95.0%)20 (100.0%)18 (90.0%)Years in the U.S., mean years (SD)16.7 (9.4)16.2 (10.7)17.1 (8.3)0.78Marital status, *n* (%)0.58Married30 (75.0%)14 (70.0%)16 (80.0%)Single/divorced/separated/widowed10 (25.0%)6 (30.0%)4 (20.0%)Education, *n* (%)0.43High school or below6 (15.0%)4 (20.0%)2 (10.0%)College or above34 (86.0%)16 (80.0%)18 (90.0%)Employment status, *n* (%)0.78Employed17 (42.5%)9 (45.0%)8 (40.0%)Unemployed or not in labor force23 (57.5%)11 (55.0%)12 (60.0%)English proficiency, *n* (%)n/aNot at all or not well20 (50.0%)10 (50.0%)10 (50.0%)Well or very well20 (50.0%)10 (50.0%)10 (50.0%)Frequency of computer/internet use, *n* (%)0.17Some days or often12 (30.0%)8 (40.0%)4 (20.0%)Almost everyday28 (70.0%)12 (60.0%)16 (80.0%)Computer skills, *n* (%)0.18Not well14 (35.0%)9 (45.0%)5 (25.0%)Well or very well26 (65.0%)11 (55.0%)15 (75.0%)Mean Hourly Wage, Imputed\$20.79\$20.73\$20.84

As presented in [Table 2](#t0010){ref-type="table"}, the educational workshop participants had an average age of 46.2, with no significant difference between the two study arms. While there was a higher proportion of women participants in the in-person training group than in the on-line group (57.8% versus 50.8%), the difference was not statistically significant (p = 23). There were no differences in the proportion of foreign-born participants or in participants' length of time in the United States. No other significant differences in demographic characteristics were observed between the two participant groups.Table 2**. Descriptive characteristics workshop attendees** (From 2014 to 2018 in Pennsylvania and New Jersey).Training Group ParticipantsAllIn-person (n = 481)On-line (n = 523)*P* valueAge in years, mean (SD)46.2 (14.41)45.2 (14.54)47.2 (14.23)0.59Gender, *n* (%)0.23Female537 (54.1%)274 (57.8%)263 (50.8%)Male455 (45.9%)200 (42.2%)255 (49.2%)US-born, *n* (%)0.57Yes79 (8.0%)32 (6.7%)47 (9.2%)No909 (92.0%)443 (93.3%)466 (90.8%)Years in the U.S., mean years (SD)16.8 (10.6)16.6 (11.1)17.0 (10.1)0.84Marital status, *n* (%)0.90Married706 (71.3%)333 (70.7%)373 (71.9%)Single/divorced/separated/widowed284 (28.7%)138 (29.3%)146 (28.1%)Education, *n* (%)0.56High school or below314 (32.2%)160 (34.3%)154 (30.3%)College or above661 (67.8%)307 (65.7%)354 (69.7%)Employment status, *n* (%)0.76Employed552 (55.7%)259 (54.2%)293 (57.1%)Unemployed or not in labor force439 (4.3%)219 (45.8%)220 (42.9%)Annual household income, *n* (%)0.80Less than \$20,000254 (28.8%)126 (29.7%)128 (28.0%)\$20,000 or above629 (71.2%)299 (70.3%)330 (72.0%)Have health insurance, *n* (%)0.58Yes605 (60.9%)279 (58.4%)326 (63.2%)No389 (39.1%)199 (41.6%)190 (36.8%)Have regular physician0.79Yes532 (54.5%)251 (53.2%)281 (55.6%)No446 (45.5%)221 (46.8%)224 (44.4%)English proficiency0.94Not at all or not well531 (53.1%)256 (53.5%)275 (52.9%)Well or very well468 (46.8%)223 (46.5%)245 (47.1%)

Initially, for the intervention, 1,004 Korean American community members were recruited by CHWs and received education workshops: 481 participants were allocated to in-person trained CHWs, and 523 participants completed baseline activities. Overall, 73.8% of community members recruited and educated by in-person trained CHWs completed all study procedures compared to 69.4% of those recruited and educated from online trained CHWs.

Training and workshop costs were comparable between the two training approaches ([Table 3](#t0015){ref-type="table"}). The live training sessions generally lasted two hours, while the online training group reported spending less than one and a half hours (82.5 min) working through the materials and evaluation process. This shortened training time produced a lower mean cost of training and total cost of training for the online group. The number of workshop participants recruited per church ranged from 42 to 56 (mean 50.2, SD 3.4) and workshops generally lasted one hour. Sites varied in the number of participants attending each workshop (range 1--24, mean 8.5, SD 7.5).Table 3**Relative costs (in 2014 dollars) and effectiveness of CHW training approaches (**From 2014 to 2018 in Pennsylvania and New Jersey**)**.In-person training groupOn-line training groupPer participant costs:(CHW n = 20)(CWH n = 20)CHW training costs (\$), mean ± std dev1.71 ± 0.4341.12 ± 0.297CHW workshop costs (\$), mean ± SD2.19 ± 1.504.22 ± 3.41Attendee workshop costs (\$), mean ± SD20.51 ± 4.6920.75 ± 4.20Total costs (\$), mean ± SD24.45 ± 4.5626.05 ± 5.06Outcomes:(participant n = 481)(participant n = 523)Received HBV screening49.3%21.4%Received HBV vaccination17.0%5.9%[^1]

After applying CHW hourly wage rates to training and workshop time, CHW costs per participant differed by training arm ([Table 3](#t0015){ref-type="table"}). Training costs per participant for in-person versus online training averaged \$1.71 versus \$1.12, and workshop costs per participant for in-person versus online training averaged \$2.19 versus \$4.22. The cost difference between groups was driven by smaller, more frequent workshops given by the online-trained CHWs (112 workshops) as compared to the in-person-trained CHWs (57 workshops); in-person-trained CHWs held workshops with an average of 7.54 participants compared to an average of 4.85 participants in workshops run by online-trained CHWs. Workshop attendee costs were comparable (\$20.51 versus \$20.75). Site specific costs ranged from \$20.04 to \$33.17. After accounting for clustering, total costs per participant did not differ between the CHW training arms (p = 0.085).

With respect to outcomes, HBV screening rates were higher for participants who attended intervention with in-person trained CHWs (49.3%) as compared with those who attended intervention with online trained CHWs (21.4%). At 12-month follow-up, vaccination rates were also higher for participants who attended in-person trained CHW sessions (17.0%) as compared with online-trained CHW sessions (5.9%). After adjusting for site clustering, these differences were significantly different: HBV screening rates were significant higher (p = 0.014) for the in-person trained CHW group and HBV vaccination rates were also significantly higher (p = 0.029).

4. Discussion {#s0040}
=============

To our knowledge, this is one of the first cost and outcome evaluations of online-trained versus in-person-trained CHWs. In this study, preparing CHWs via in-person training took longer and was slightly more expensive than training CHWs through an online program. However, participants who attended workshops run by in-person-trained CHWs were more likely to receive screening and vaccination for HBV. Our analyses show that although it may cost less to train CHWs through an online program, in-person training was more cost-effective in promoting HBV screening and vaccination among Korean Americans.

The observed differences may be driven by the inclusion of peers in training for the in-person approach; such inclusion did not occur with online training. Inclusion of peers allows for troubleshooting of issues present in group dynamics and may have improved comfort in handling larger groups among in-person trained CHWs. Indeed, online-trained CHWs ran nearly double the number of workshops that in-person trained CHWs did, suggesting that in-person-trained CHWs may have been more comfortable in navigating participant education in a way that directly translated to better outcomes. The number of participants within a workshop might have also played a role in decision-making of the participants. The average size of the workshops held by the in-person-trained CHWs was bigger than that of the ones held by the online-trained CHWs. It is possible that the bigger size of the workshops allowed participants more opportunities to interact with and motivate each other to seek out screening and vaccination. Future research comparing online and in-person training for CHWs could implement a mixed-methods design that integrates a qualitative component for both CHWs and participants. Doing so may enable a richer understanding of differences in the way CHWs in each training approach conduct study activities and may improve interpretation of the quantitative findings.

Nonetheless, online training is a convenient method for CHWs training that has little geographic and time limitations. Future online training should better facilitate the interactions among CHWs and seek to improve CHW's skills in building rapport with participants and facilitating discussion among participants.

These findings conflict with previous findings in which online-trained CHWs produced similar health outcomes as in-person-trained CHWs for an intervention designed to improve cancer screening for attendees of African-American churches ([@b0060]). Another study ([@b0030]) compared filmed versus live social contact intervention to reduce mental health stigma in student nurses and found that filmed social contact intervention was more cost-effective, which contradicts our study. One explanation might be that since the HBV screening and vaccination rates were low among Korean Americans, the knowledge and behavior change gap that CHWs in our study had to help community members overcome might have been substantively higher. This factor, together with skills for navigating group dynamics that were acquired in workshops by in-person-trained CHWs but not online-trained CHWs, may have contributed to the differences observed in this study.

Regardless of the CHW training group, the HBV screening rates among participants in this study were much higher than the rates reported in previous studies of CHW-led HBV screening interventions in Cambodian Americans ([@b0170]) and Chinese Americans or Canadians ([@b0175]). The vaccination rates reported in our study was lower than the rate (46.03%) in a study of CHW-led HBV intervention among an aggregate of four Asian ethnic groups ([@b0100]).

There are a few limitations worth noting. First, the majority of participants were foreign-born Korean adults in Pennsylvania and New Jersey. As such, these findings may not be generalizable for CHWs working with communities of Korean Americans or other Korean adults in different geographical areas of the United States. Second, despite the cluster randomization procedure used, participants educated by online versus in-person CHWs differed based on age and sex. It is also likely that if this study were to be scaled-up, costs and outcomes may be different from those observed for this study. Furthermore, we used publicly available age- and gender-adjusted national wage rates, which may not be directly applicable to Korean CHWs. Future cost-effectiveness analyses for studies targeting larger samples of Korean adults are needed.

Despite the potential for efficiency gained with online training, CHWs who attend live training outperformed their online-trained colleagues. Elements of the didactic approach or practice with peers in the live session may have led to the edge in effectiveness. This result can be used to inform the development of future implementation research on HBV screening among underserved minority populations. Given that foreign-born Asian immigrants make up 58% of the total cases of HBV infection in the US ([@b0025]), information on effective ways of HBV intervention implementation are urgently needed to promote HBV screening in this health disparity community. This study responds to the needs. It is an initial step to a large-scale study to assess the cost-effectiveness of CHW-led intervention in various Asian American communities with high HBV burden.
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[^1]: Attendee and CHW time costs based on BLS age- and gender-wage rates for 2014; std dev, standard deviation.
